Abstract. We have performed radiation tolerance tests on the BCF-99-29MC wavelength shifting fibers and the BC404 plastic scintillator from Bicron as well as on silicon rubber optical couplers. We used the 60 Co gamma source at the Instituto de Ciencias Nucleares facility to irradiate 30-cm fiber samples with doses from 50 Krad to 1 Mrad. We also irradiated a 10×10 cm 2 scintillator detector with the WLS fibers embedded on it with a 200 krad dose and the optical conectors between the scintillator and the PMT with doses from 100 to 300 krad. We measured the radiation damage on the materials by comparing the pre-and post-irradiation optical transparency as a function of time.
INTRODUCTION
Wavelength shifting (WLS) fibers are widely used in high energy physics experiments [1] - [7] mainly for reading out scintillation detectors. Both the detectors and the WLS fibers are, in general, exposed to different levels of ionizing radiation during the lifetime of the experiments. However only a few results on the WLS fibers or scintillating materials radiation tolerance are found in the literature [8, 9] . We have studied the effects of ionizing radiation on WLS fibers and on a typical detector configuration where these type of fibers are used to read a piece of organic plastic scintllator.
We tested the Bicron's BC9929-MC round WLS fibers alone and a piece of Bicron's BC404 plastic scintillator with the fibers embedded on it. We also irradiated a couple of rhodorsil RTV 141 (elastomer silicon bicomposant) optical coupler discs.
We used the 60 Co gamma source at the irradiation facility of Instituto de Ciencias Nucleares to irradiate the scintillating tiles, the WLS fibers and the optical couplers. xp13 PMT.
Energy spectra of a 90 Sr β source were recorded before and after the irradiation. We took several spectra before irradiation for different (decreasing) high voltage levels on the PMT in an attempt to reproduce the expected damage due to the irradiation process. We obtained spectra from the nominal value of 1550 V down to 1350 V in 50 V steps resulting in the curves of figure 1. The relative amplitudes of these spectra indicate that a decrease of 13% is obtained for each 50 V step.
By decreasing the high voltage step we were able to estimate the minimum change in the spectrum that our system can unambiguously detect. Figure 2 shows a clear difference between the spectra corresponding to 1550 V and 1525 V, that is a 6.5% change. This means that we can resolve any change of at least 6%.
Results
We obtained the amplitude spectrum of the irradiated detector (scintillator and fibers) at different times. Figure 3 (left) shows these spectra as compared with the non-irradiated one. By comparing the former ones with the latter we can estimate the damage on the scintillator-fibers system. Figure 3 (right) shows the degradation of the signal due to the irradiation and the partial recovery of the detector.
It can be seen that it took quite long (∼ 300 hours) to the detector to reach the 80% of the original signal which we can say it's the permanent effect for the 200 krad dose.
The results of the tests with the fibers alone show that the main contribution to the recovery time is given by the scintillator as the recovery time for the fibers is two orders of magnitude shorter (see figure 5 left).
WLS FIBERS
We irradiated six 30 cm samples of BC9929 WLS fibers with 50, 100, 200, 300 and 650 krad, and with 1 Mrad using a quite high dose rate in all cases of 7 krad/min. We measured the transmitted light on 30 cm long samples immediately after irradiation and compared with the mean value measured before the fibers were irradiated. The average of fifty measurements was calculated before irradiation removing and putting back the fiber in its position each time. This takes into account the uncertainty in the position of the sample when it is measured again after irradiation since then all the measurements are automatically taken with the fiber in a fixed position.
Experimental setup
To establish the light loss in the WLS fibers we built the test setup shown in Figure 4 . It consists of a blue LED used to excite the fiber on one end and a PIN photodiode to capture the light at the opposite end. A precision voltmeter was used to measure the voltage across the photodiode; and a GPIB interface allowed to read this value into a PC. We wrote a LabVIEW program that drives the GPIB, writes the values in an ASCII file and presents the data in a graphical interface.
We excited the fibers on a lateral spot near one of its ends covering the cross section surface at this end with black tape. The opposite cross section surface was put in direct contact (no optical grease applied) with the photodiode window.
Each fiber sample was manually polished at both ends using a planar glass surface to support the polish paper and a metallic box where the fiber was holed to maintain it in veritical position. Each sample was labeled for identifying purposes and to ensure they were excited at the same end in every measurement. The only arbitrary position of the fibers on the setup was the orientation around their own axis which determines a better or worse optical coupling between the not-perfectly polished surface of the fiber and the photodiode window.
Results
We measured the voltage across the photodiode at regular time intervals (every 15 minutes) for a continuous period of 24 hours. The first value was taken within 5-10 minutes from the end of the irradiation. Then each value was compared with the average obtained before the irradiation.
The curves on the left in figure 5 show the recovering process for the fibers irradiated with 50, 100, 200 and 300 krad. A slightly faster recovery is observed for the 200 krad case. It is to be noticed the fast recovery of the fibers compared to the scintillator+fibers system which recovered a hundred times more slowly. On the other hand the damage only increased from 15 to 20% when irradiating both the scintillator and the fibers.
The plot on the right in figure 5 shows the damage corresponding to 650 krad and 1 Mrad. A large permanent effect can be seen for the case of 1 Mrad where the recovery reaches only half of the pre-irradiation level. The less critical, but still almost 15% larger than the 300 krad case, is the damage corresponding to 650 krad. In both cases the recovery time increases significatively.
The mid and long term response was also investigated. Figure 6 shows these effects. We measured up to 20 hours after the irradiation and we see no further recovery for the 50 and 100 krad cases. The 200 and 300 krad samples, on the other hand, show a marginal further recovery after 20 hours.
We measured the samples a second time for a 5-hour period several weeks after the irradiation. The 50 and 100 krad samples show the expected behavior; the former recovering totally and the latter remaining at the same level. However an extra 9% recovery can be seen for the 200 krad sample and, on the contrary, the 300 krad sample shows an unexpected decrease in its output value.
It should be noticed however that for the long term measurement the samples had to be replaced in the setup so each sample was in a different orientation than for the short and mid term cases where continuous measurements were taken over the 20-hour period. The ∼4% decrease in the output of the 300 krad sample can then be understood as it corresponds to a < 2σ deviation. Finaly the large recovery of the 200 krad sample in figure 6 (right) is not compatible with the rest of the measurements. Some more measurements should be made to address this problem.
OPTICAL COUPLERS
We analyzed the radiation effects on optical cookies which are used to couple light guides to PMT's. They are elastomer silicon bicomposant (technical name rhodorsil RTV 141) discs of 5 cm in diameter and 0.5 cm wide. The advantage of using these optical cookies is to have mechanical flexibility while maintaining a good optical coupling that assures an efficient transmission of light. We also used the gamma beam facility at Instituto de Ciencias Nucleares for these tests. The dose given to the samples depends on the position in three coordinates from the center of the beam. In order to measure the radiation damage on the couplers we used the VARIAN Cary 100 spectrophotometer to obtain the absorption spectra in the visible and UV wavelength regions.
The absorption measured A is defined as A = − log 10 T where the transmitance T = I s /I b ; with I s the intensity of energy through the sample and I b the intensity of energy through the calibration reference.
In these tests the spectra were taken from 190 to 500 nm. Some calibration (with air or a non irradiated sample) had to be done beforehand. We irradiated three samples, labeled m 1 , m 2 and m 3 , with the following doses and 63 minutes respectively.
Results
We used the m 1 sample as the calibration reference that must be provided to the spectrophotometer. In this way, we looked for any change in the irradiated samples, m 2 and m 3 , as compared to m 1 .
In figure 7 the spectra of m 2 vs m 1 and m 3 vs m 1 obtained after the irradiation are compared to the corresponding ones before the irradiation. The light absorption (in percent) in the sample is shown as a function of the wavelength.
In both cases, the changes are too small to be taken as the effect of the radiation on the optical cookies. They are actually of comparable magnitude for both samples while the dose given to sample m 3 was 3 times higher than that given to sample m 2 . This shows that this optical couplers are not affected by irradiation up to doses of 60 krad. The differences found might be due to other variables connected to the instrument or the cookies themselves as the dust or dirt accumulated on them during manipulation.
The sharp change in the spectrum of sample m 3 around 350 nm is due to the change of the light source (from the UV source to the visible light source) inside the spectrophotometer.
